Respiratory infections pose major public health problem worldwide. About 13 million children of <5 years of age, die every year, 95% of them are from developing countries and one-third of the total deaths are due to acute respiratory infections (ARIs). [1] ARI accounts for 30%-50% of the total paediatric outpatient visits and 20%-30% of the paediatric admissions. [2] ARIs are mainly self-limited, but can lead to complications requiring hospitalisation due to severe acute respiratory infections (SARI) which can be fatal at times, [3] cause high economic burden on health care systems and to family of patients.
ARI in hospitalised patients. [2] Most of the respiratory pathogens produce similar symptoms as a result it is difficult to identify them clinically. Various commercial and in-house multiplex real-time polymerase chain reaction (RT-PCR) assays are being used for simultaneous amplification of multiple pathogens in a single-reaction mixture, which makes them rapid and cost-effective. [7, 8] Hence, the present study was undertaken to identify the profile and trends of various respiratory pathogens in hospitalised children using a validated customised multiplex RT-PCR.
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Setting
This study was conducted at the Indian Council of Medical Research (ICMR)/DHR Grade-I Virology reference Laboratory-Advanced Research Laboratory, Department of Microbiology and Immunology, S. M. S. Medical College, Jaipur during 2012-2016. The study was approved by Institutional Ethics Committee.
Patient's enrolment
All the patients enroled in the study were freshly diagnosed and hospitalised cases. Any previous history of respiratory infections was excluded from the study to prevent the detection of residual nucleic acid. Written consent was obtained from the parent/guardian. Clinical signs and symptoms of children enroled in the study were noted in pro forma for fever, cough, nasal catarrh, shortness of breath, sore throat, wheezing, bronchiolitis and pneumonia.
Sample collection and transportation
Nasopharyngeal aspirate and throat swabs from 997 children (age range 1-60 months) with acute respiratory illness were collected in 3 ml of viral transport media. Samples were labelled and transported on ice packs at the earliest to the laboratory. On reaching the laboratory, samples were registered and given a unique identification number before aliquoting for processing and storage.
Nucleic acid extraction
Nucleic acid from samples was extracted using NucliSENSE EasyMAG (Biomeurex) automated extractor according to the manufacturer's instructions, 110 µl of nucleic acid was eluted from a volume of 400 µl sample.
Previously standardised customised multiplex PCR was used for identification of various viruses, [7] bacterial PCR standardisation was done using the same protocol but tested in duplex in samples negative for any virus [ Table 1 ].
Statistical analysis
Chi-square test was employed to study the P value of different viruses and bacteria.
rEsults
Viruses detected in children
Out of 997 children enroled, 598 (59.98%) children were positive for at least one of the respiratory viruses of which co-infections were detected in 133 (22.24%) children. Single infection was observed in 465 (77.76%) children [ Table 2 ]. The most common virus detected in the study (including single and co-infection) was RSV A/B in 279 (37.35%), followed by human rhinoviruses (HRV) 106 (14.19%) and HAdV 83 (11.11%). The profile of viruses causing ARIs is mentioned in Table 2 . Details of co-infections of different viruses are mentioned in Table 3 .
Clinical features and association with respiratory viruses
Cough and fever were the most common clinical manifestation followed by shortness of breath, pneumonia and bronchiolitis [ Table 4 ]. The RSV A/B was predominant in cases presenting with pneumonia and bronchiolitis.
Viruses among different age groups
Positivity for respiratory viruses was found to be more in the age group of 1-12 months; 495 (66.26%) cases, followed by 13-24 months' age patients with 101 (13.52%) cases and 25-36 months' age patients, 65 (8.70%). Most of the viruses were found predominantly in the age group of 1-12 months as compared to other age groups [ Table 2 ].
Seasonal trends of respiratory viruses
During the study, respiratory viruses were predominant during the winter months [ Figure 1 ], RSV A/B had its high peaks in December and January while human Hammit et al., 2011 [9] HCoV OC43
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Statistical analysis
On Chi-square test, P value was found to be significant for some viruses such as RSV (P < 0.0001), HMPV A/B (P = 0.001), pandemic H1N1 (P = 0.0022), Flu A (P = 0.0165) and EV (P = 0.0167) when age-wise intergroup comparisons were made for each virus.
Bacteria causing ARI
Among samples negative for respiratory viruses, 167 (41.85%) were positive for bacteria. Among these, S. pneumoniae was the most common, positive in 127 (62.18%) cases followed by Moraxella catarrhalis in 60 (29.85%) cases, [ Table 5 ]. Predominance of bacterial agents was also found in the age group of 1-12 months. P < 0.05 was observed for S. pneumoniae and M. catarrhalis.
Diagnostic algorithm
Based on the viruses/bacteria detected in the study and the severity of the disease that they cause, a diagnostic algorithm was developed [ Figure 2 ]. 
DiscussiOn
Respiratory infections claim many lives globally every year. Profile and trends of pathogens causing respiratory infection varies from place to place and as per season and geographic conditions, data from India are very limited hence the present study was done.
In the present study, the overall positivity for viral and bacterial pathogens was found to be 76.73%, whereas a study from Dhaka [5] reported a positivity of 82.5%. This could be due to many reasons such as low-sample size etc. Predominant virus detected in the present study was RSV A/B (37.35%), as also reported from New Zealand (39%), [22] while wide variation was reported from China (13.06%) [23] and Malaysia (70.6%). [24] The variations in detection rates by various studies may be due to sampling methods, genetic variability among the populations, number of samples enroled in the study, samples collected during different seasons of the year and the method used for detection. RSV is known to be an important cause of hospitalisation in children younger than 1 year of age, [25] this may be due to lower immunity in infants. [26, 27] Higher numbers of HRV infections were seen in children of 1-12 months in our study than other age groups as also reported from Latin America. [28] Tregoning and Schwarze 2010 [29] reported that RSV and HRV are the most common causes of acute respiratory viral infections as also seen in present study. The positivity of other respiratory viruses, i.e., HAdV, HMPV, HPIV-1 to HPIV-4, HCoV-OC43, HCoV-229E, HCoV-NL 63, HCoV-HKU1, EV, HBoV, Pandemic H1N1, Flu A, Flu B and HPeV were between 11.11%-0.13% [ Table 2 ]. An Indian study by Singh et al., 2014 [25] reported no positivity of HPIV 1-4 and 1.10% for HBoV and 7.74% for Influenza (Flu A and Flu B) in hospitalised children with ALRI.
The prevalence of respiratory pathogens were found to be higher in the age group of <1 year with more predilection to RSV A/B and S. pneumoniae and higher co-infection as also reported by Bhuyan et al., 2017 . [5] Most of the viruses in our study were associated with both upper and lower respiratory tract infections. However, RSV A/B and S. pneumoniae were mostly associated with lower respiratory tract infections (i.e. bronchiolitis and pneumonia) in our study and at Dhaka too. [5] On comparing seasonal variation, in our study RSV A/B showed its highest peak in winters, during January similarly a study from Madagascar reported RSV A/B peak in February. [30] HMPV A/B also had highest peak in February as reported from Karachi also. [31] Thereafter, no peaks of HMPV A/B were observed and HMPV A/B was replaced by RSV A/B as the predominant virus which continued in the entire study as the major virus. Continuous positivity with a peak of pandemic H1N1 was observed from December 2012 to April 2013. This may be due to the high prevalence of pandemic H1N1 in the study region. HRV was found to be circulating almost entire year with peaks in March, May and December.
Positivity of the respiratory viruses was not continuous throughout the years. Some studies reported circulation of the respiratory viruses throughout the year, whereas others show distinct seasonality, [24] which could be due to seasonal variations of host immune response, climatic changes, which may promote the viral growth. [25] Low temperatures may favour the circulation of the viruses. The information on seasonal positivity of respiratory pathogens can help public and clinicians to take necessary preventive measures to control respiratory infections.
Timely identification of virus etiology in such patients can prevent misuse of antibiotics and emergence of multidrug-resistant bacteria. Moreover, the detection of fastidious bacteria by RT-PCR could help patient by initiating appropriate therapy timely. S. pneumoniae was the predominant bacterial agent as also reported from Dhaka, [5] who report it to be an important cause of mortality in children <5 years of age. [5] The overall positivity for the bacterial agents was found to be 41.85%. Although the detection rate of Mycoplasma pneumoniae was only 1.99% out of which 1.49% were associated with pneumonia. Even though M. catarrhalis was second-most predominant bacteria detected in the study its role in respiratory infections needs to be evaluated further as it is a known commensal. In children, <5 years high prevalence of both bacterial and viral pathogens was observed. Immature immune system may be the reason behind this. Although bacteria cause secondary infections after viral infections, they should not be excluded from screening.
A diagnostic algorithm was prepared based on the severity of the disease caused and frequency of detection of pathogens. This will help in rapid economic diagnosis. However, there were some limitations in our study, only viral negative samples were screened for bacteria, screening of all samples would have given better picture; moreover, only limited panel of bacteria were tested and antibiotic sensitivity testing was also not done. Further studies are required including these parameters to answer all questions. HCoV-OC43  17  19  15  6  1  4  1  -HCoV-229E  9  9  2  3  3  2  1  -Flu B  18  20  13  1  4  10  1  -HPIV-1  14  14  10  4  1  2  1  -HPIV-3  38  41  23  8  4  10  2  -HPIV-4  12  12  8  1  3  -1  1  HPIV-2  7  7  3  2  1  2  -1  HRV  101  106  67  12  11 
cOnclusiOn
The RSV A/B, HRV, HAdV and HMPV A/B respiratory viruses were more prevalent than others and that too in winter months. Children aged <1 year were more vulnerable to respiratory viruses and bacteria, diagnostic algorithm developed can help provide rapid economic diagnosis. Rapid early identification of viruses and fastidious bacteria by PCR can help start proper therapy timely and prevent misuse of antibiotics and development of antimicrobial drug resistance. However, inclusion of all bacteria responsible for respiratory infections and the drug resistance markers can further help in patient care, additional studies are required to know whether the agent identified is a bystander or a true pathogen. This will also help in planning strategies for vaccination. 
